ABSTRACT
also were found compounds of greatest area such as 3-hexen-1-ol acetate, acetic acid methyl ester, and acetic acid hexyl ester. These metabolites determine the characteristic aroma from lulo pulp and influence the consumer preference. 
RESUMEN

La especie de lulo (Solanum quitoense), predominante en Colombia, es una fruta promisoria para el mercado nacional e internacional debido a su aroma y características nutricionales, lo cual generó el interés por conocer la composición volátil de su pulpa. Después de ajustar las condiciones cromatográficas necesarias para analizar los compuestos volátiles de esta fruta, se midió el efecto de la temperatura y tiempo de adsorción a través de la microextracción en fase sólida por espacio de cabeza (HS-SPME), sobre el área de los volátiles, aplicando un diseño experimental de un factor. El análisis descriptivo sugirió que la adsorción a 60°C y 30 minutos promovía una recuperación óptima de volátiles así como del estándar interno (1-Octanol, con recuperación del 99,66%), mientras la prueba no paramétrica de Kruskal-Wallis mostró diferencias estadísticas en el efecto del tiempo (P= 0,018), pero no de la temperatura de adsorción (P= 0,058), sobre el área de los compuestos volátiles. Además, se observó un predominio de éste-res (48,98%), aldehídos (18,37%) y alcoholes (14,29%) y se encontraron compuestos con áreas superiores como acetato de 3-hexen-1-ol, acetato de metilo y acetato de hexilo. Estos metabolitos determinan el aroma característico del lulo e influencian la predilección por el consumidor.
RESUMO
A espécie de lulo (Solanum quitoense
)
INTRODUCTION
During its maturation, fruits undergo biochemical, physiological and structural alterations, which include the production of volatile compounds [1] , which are responsible of its aroma [2, 3] , and consequently on its quality and the preference by consumers [4, 5, 6] . Among the species of lulo, S. quitoense Lam., native from South America [7] , is the species cultivated and consumed in Colombia due to its pleasant aroma and nutritional characteristics [8, 9, 10] , conditions that have aroused the interest in taking advantage of its productive potential in industrial processing [11, 12] . For the analysis of volatile compounds in fruit pulp by solid phase microextraction (SPME) different conditions of time and temperature absorption have been used. In fruits where have been used temperatures of 25°C or lower, such as Mobola plum (Parinari curatellifolia) [13] and monkey orange (Strychnos cocculoides) [14] , times were predominantly greater than 30 minutes; whereas in fruits like pear (Pyrus ussuriensis) [15] , the strawberry tree (Arbutus unedo L.) [16] , melon (Cucumis melo L.) [17] , avocado (Persea americana Mill., cv. Hass) [18] , among others, where the temperatures used were equal to or higher than 40°C, times were predominantly equal or lower than 30 minutes.
In order to obtain higher performance in the extraction of SPME fiber, in some studies it was considered to optimize the time and the adsorption temperature. A referent for the purple passion fruit (Passiflora edulis Sims), yellow passion fruit (P. edulis Sims f. flavicarpa) and banana passion fruit (P. mollissima), in which a temperature of 50°C was used, with adsorption time of 10, 20, 40 and 60 minutes, obtained optimum extraction time of 40 minutes [19] , whereas in common tomato (Lycopersicon esculentum var. commune) an extraction of 60 minutes at room temperature was chosen for its optimal efficiency. Similarly, in citrus juice extraction optimal conditions were obtained, corresponding to 60°C for 40 minutes [20] .
Because the SPME is supported in the distribution equilibrium of the analytes between the food matrix and the fiber coating [21] , and since it the equilibrium conditions are different in each compound, the total recovery of the concentrations of the metabolites in the sample becomes impossible, nevertheless, optimizing the extraction allows an appropriate efficiency to obtain a compounds profile that reflects the volatile composition of its matrix, including the analytes present in limited quantities (minoitary compounds). This study aimed at the implementation of the HS-SPME coupled to analysis by Gas Chromatography / Mass Spectrometry for identification and quantification of the volatile compounds in fresh pulp of S. quitoense.
METHOD Place of the study
Samples were selected from the farm "Villa Malicia", located at 1 km from Manizales. The analysis of the samples was carried out in the laboratory of chromatography of the University of Caldas in Manizales (Colombia).
Chemicals and distilled water
The distilled water was prepared using a purification system Direct-Q 3 model ZRQS0P030 of Merck Millipore (Darmstadt, Germany). Sodium chloride (99%) was supplied from Carlo Erba Reagents (Barcelone, Spain). The internal standard 1-octanol was obtained from Sigma-Aldrich ® (Saint Louis, USA). SPME holder used for manual sampling as well as the fibres employed for adsorption of volatile metabolites from pulp of S. quitoense were purchased in Supelco TM ® (Bellenfonte, PA, USA).
Experimental
Initially, assays were done to adjust the optimum conditions of analysis by GC/MS, like: temperature ramp, injection mode, split radius to be used (considering that the sample contained majority and minority compounds), voltage of the detector and others. For each variable, temperature and adsorption time, the experimental design of a factor was applied, taking as the response variable the total area of volatiles. Were evaluated in duplicate the temperatures of 20, 40, and 60°C and the times 5, 15, and 30 minutes in both, the split injection mode 50 and 200, considering that some of the majority compounds saturated the detector of the mass spectrometer, which made it impossible to determine its area in split 50. The analysis of data took into account the behavior of the total area of the volatiles, chemical classes, internal standard, and compounds of greater area.
Lulo fruit characteristics
The selected samples were in the in stage five of ripening, diameter of 5 ± 1 cm, degrees Brix of 10,3 ± 1, and absence of spoilage due to the microorganisms or insects. In order to keep the integrity of samples, plastic separators placed between lulo fruits were used. The fruits were stored at room temperature and the analyzes were performed in the following 24 hours.
Conditions of sample preparation and volatiles extraction
10 g of the pulp of S. quitoense and 1 g of sodium chloride were weighed in an extraction vial. 5 µL of a solution of 1-Octanol with concentration of 0,0018 mol/L were added to the extraction vial. The container was sealed and placed in water bath with exposition of the SPME fiber in the headspace of the sample, under temperature and the time allotted for every test. The fiber was withdrawn and let to desorb during 1 minute at 230°C in the injection port of the GC/MS equipment, time after which this was retired. For extracting, a fiber Supelco TM ® of 75 µm Carboxen (CAR)/Polydimethylsiloxane (PDMS) was used. The fiber employed was previously conditioned by its subjection to 235°C over 60 minutes to activate the functional groups present in the stationary phase.
Analysis and quantification conditions
The chromatographic analysis of the volatile compounds from the pulp of S. quitoense was carried out with a gas chromatograph Shimadzu GCMS/QP 2010 Plus, provided with a mass spectrometry detector (MSD) and it was used a column Shimadzu ; equilibration time of 1 minute; Full timeout of 3,1 minutes. The temperature ramp was as follows: 50 °C during 1 min, increase at a rate of 2,5 min to reach 150ºC with sustained of 7 min, increase at a rate of 15 min up to 220 ºC with sustained of 3 min and and increase at a rate of 15 min to achieve 230 ºC maintained in this for 2 min.
Spectrometric conditions.
Temperature of the ion source of 235°C; Interface temperature of 240°C; Solvent cutting time of 3 minutes; threshold of 1000 pA; Mass ratio initial and final of 33 -350 (m/z).
Identification of the volatile compounds.
It was conducted from the comparison of mass spectra of the sample with the NIST ® library, with a concordance at or above the 93%.
Data Analysis
For data analysis, the SPSS ® software version 22 was used. The coefficients of variation in all groups were lower than 12%.
RESULTS
Compounds of S. quitoense obtained by HS-SPME to different times and adsorption temperatures
The extraction process in the different times and adsorption temperatures used favored a recovery of 48 different volatile compounds (Table 1) , with a predominance mainly of esters, represented by 24 compounds (48,98%), followed by 9 aldehydes (18,37%) and 7 alcoholic compounds (14,29%).
Effect of temperature and the adsorption time on the total area of volatile compounds
An increase in total volatile area according as the temperature was increased (Figure 1, left) can be observed in split 50, whereas in split 200 was a greater recovery denoted at 40°C (Figure 1, right) . In both cases, the adsorption process was lower at 20°C, temperature nearby to environment of Manizales, where the studies were carried out, due to the increased temperature rose the concentration of analytes in the headspace, also favoring, a greater recovery of compounds with lower vapor pressure [21] .
Some studies show that the use of temperatures of 40 or 60°C is suitable for the recovery of volatile compounds in fruits such as pear (P. ussuriensis) [15] , the strawberry tree (A. unedo L.) [16] , melon (C. melo L.) [17] , and avocado (P. americana Mill., cv. Hass) [18] . When establishing statistical differences between the areas by Kruskal-Wallis test (the nonparametric test was chosen because of the violation the assumption of homogeneity of variance by the data), differences were not found in the effect of adsorption temperature over the area of volatile compounds obtained (P= 0,058). In contrast, differences in the effect of adsorption time over the area of volatile compounds were found (P= 0,018).
Effect of temperature and adsorption time on the areas of chemical classes.
Concerning the effect of temperature, in 50 split was noted that except for the alcohols, which showed an upper area at higher adsorption temperature, a trend of increase or decrease of the area in the chemical classes is not perceived as the temperature was raised, because temperature causes an individual effect on each compound, related to its molecular weight, polarity, vapor pressure and boiling point [19] , which in turn can affect the general behavior of the areas in each chemical class. This way, while compounds 2-Hexenal and 3-Pentanol increased as the temperature was raised, others such as methyl propionate and toluene had greater area in the test at 40°C. Similar behavior was appreciated in 200 split, where also was presented an increase in the area of alcohols as the temperature was raised. As to the adsorption time, in split 50 a growing trend was presented in the area of the chemical classes when this increased, which was appreciable mainly to the total area of esters, alcohols, hydrocarbons and aldehydes. These same groups of compounds also appeared increasingly when increased the adsorption time in split 200.
Behavior of the compounds with greatest relative abundance in the volatile fraction of S. quitoense at different adsorption temperatures.
Among the compounds with greatest area in the volatile profiling of S. quitoense, four of them correspond to esters (3-hexen-1-ol acetate, acetic acid methyl ester, acetic acid hexyl ester and ethyl acetate). In general, as the temperature was raised these five volatile compounds represented a lower percentage of area regarding the total area of volatile of the fruit, since at 20°C accounted for 85,5% of the total volatile fraction and at 60°C corresponded to 62,4% of the respective average profile; This behavior is related to low polarity compounds which required an increase of their kinetic energy through thermal supply to move from the gas phase and be adsorbed and analyzed. When analyzing the areas of these compounds individually, a trend of growing or decline with increasing of temperature is not clearly appreciated, except for acetic acid methyl ester where it was appreciated a decrease of the compound area with increasing temperature. As was indicated previously, temperature causes an individual effect on each of these compounds, related to its polarity and boiling point, and therefore some compounds like 3-hexen-1-ol acetate shown a greater area when the adsorption was developed at 40°C. 
Compound
Behavior of the compounds with highest relative abundance in the volatile fraction of S. quitoense at different adsorption times
Just like was presented with the effect of temperature, a decrease in the percentage of area obtained for these five compounds in relation to the time of adsorption was denoted, so that in an adsorption of five minutes these compounds represented 85,2%, whilst at desorption of 30 minute, corresponded to a percentage of 76,5% of the total of compounds identified. This indicates that volatile compounds found in lower concentrations in the food matrix require greater time to be adsorbed so that they can represent a greater percentage with respect to the total area. Furthermore, when areas of these five compounds were analyzed individually, it was appreciated that except for acetic acid methyl ester, the other four compounds had a higher average area from the maximum adsorption time used (30 minutes). Figure 2 shows the chromatographic separation of volatile compounds from lulo pulp. Figure 3 shows the effect of temperature and adsorption time on the adsorption of the 1-Octanol used as internal standard, which had a recovery of 99,66% at 60ºC for 30 min. This compound was recovered to a greater extent as the temperature was increased, with a superior level using 60°C, whereas at 20 °C, recovery levels were significantly limited (Figure 3, left) . Similarly, it was appreciated that the recovery of 1-Octanol was greater as it was increased exposure time of the fiber towards the pulp of S. quitoense, therefore the time required for a suitable adsorption of standard was 30 minutes (Figure 3, right) . There is precedent for the use of 1-Octanol as the internal standard, carried out in dry milled leaves of rosemary, at 60°C for 30 minutes, in which the recovery of this standard was 15% [19] .
Effect of temperature and adsorption time on the recovery of the internal standard
The volatile composition of the lulo pulp has a relationship with the sensory quality of this fruit, but also with the preference by the consumer, therefore it is important to know which compounds exist in the profile of this fruit. Moreover, processing companies of lulo pulp require to collect this fruit with specific characteristics in terms of the aroma compounds, since this influences the quality of the processed product. Regarding the technological advances that represents the methodology employed, HS-SPME has been used for extraction of volatile compounds in different fruit pulps [15, 16, 17, 18, 22] , in which, as well as in the current study, could be obtained volatiles with low molecular weight and high volatility. These features of the volatile profiles are relevant to the sensorial characterization, since some volatiles metabolites had high impact on sensory perception and allow to characterize the aroma of a particular fruit. These conditions result in the relevance of maintaining the quality of the volatile profile from fruit pulps in industries such as food and fragrances.
CONCLUSIONS
After establishing the analytical conditions by CG/MS adequate to the study of the volatile fraction of S. quitoense, trends of descriptive analysis suggested that HS-SPME extraction process using a temperature of 60°C and time of 30 minutes promoted a proper recovery of volatile compound, although only statistical differences were evident in the effect of adsorption time over volatile compounds area. Given that the greater recovery of the internal standard was obtained at 60 °C, and its area is used for determining the concentration of the volatile compounds in the sample, is considered that this temperature is suitable between the evaluated ones, for the quantification of the volatile compounds of S. quitoense. Through the test, a predominance of esters was appreciated, followed by aldehydes and alcohols, and the compounds of greater area were 3-hexen-1-ol acetate, acetic acid methyl ester, acetic acid hexyl ester, and ethyl acetate. HS-SPME is an alternative extraction method for obtaining the volatile compounds from lulo pulp without using solvents and avoiding the forming artifacts. Moreover, he nature of the extraction method used promoted the obtaining of a profile of volatile compounds, according to the analytical requirements of the food, flavors, and fragrances industries.
Finally, it is recommended the use of wider ranges of temperature and time as used in this study, as well as exploring diverse internal standards, to compare recovery rates obtained with 1-octanol.
